Abstract. In this paper, an improved bacteria foraging optimization algorithm based on different constraint conditions is proposed to solve the vehicle routing problem with pickup and delivery (VRPPD). At first, the mathematical model is established aiming at minimizing the dispatching time and the total cost. Secondly, the paper proposes the method with dynamic variable step factor, as well as propagation threshold and death threshold to copy the excellent individuals and eliminate the inferior individuals. Finally, the improved method is applied to the CMTnX and CMTnY, and its effectiveness is verified from the result of comparison with some existing algorithms.
Introduction
In the VRP with Pickup and Delivery, the heterogeneous vehicle fleet based on multiple terminals must meet a set of transportation requests. Each request is defined by a pickup point and the corresponding delivery point. The objective function(s) is generally minimizing the delivery cost. The previous work on VRPPD was conducted for dial-a-ride scenarios [1] . It was first examined by Wilson and Weissberg [2] , and motivated by the demand-responsive transportation systems. A parallel insertion heuristic was proposed by Roy et al [3] for the multiple VRPPD in the context of the transportation of disabled persons. Since a fair amount of requests are known in advance, these are used by means of time-spatial proximity criteria to create initial routes for all vehicles starting at the beginning of the day. Madsen, Ravn, and Rygaard [4] implemented a generalized version of this approach for a partly dynamic dial-a-ride problem. Their algorithm can minimize the waiting time for the vehicle as well as the break time. Local search for the VRPPD was first considered by Psarafits [5] , who extended the ideas of Lin and Kernighan. A decade later, Bent R and Hentenryck presented another local search heuristic for the VRPPD [6] . The algorithm involves two phases, both using arc exchange procedures. In the construction phase, it tries to find an initial feasible route allowing infeasibility and penalizing the violation of restrictions in the objective function [7] . There are a variety of practical applications about VRPPD, including the transport of the disabled and elderly, sealift and airlift of cargo, as well as the pickup and delivery for overnight carriers. Perspectives on this growing field were offered by Solomon and Desrosiers, et al [8] .
An improved bacterial foraging optimization algorithm (IBFOA) based on different constraint condition is proposed in this paper. The effectiveness is verified through the application to the CMTnX and CMTnY. Here, the above efforts can be extended by reviewing important recent developments and offering our view for future directions.
Model of VRPPD
Identify request by two nodes of i and n+i, respectively, correspond to the pickup and delivery. It is possible for different nodes to represent the same geographical location. Next, denote the set of pickup nodes by P={1,…,n} and the set of delivery nodes by D={n+1,…, 2n }. K represents the set of vehicles. Because not all the vehicles can serve all request points, each vehicle k has a specific set N k =P k  D k associated with it, where N k , P k , and D k are appropriate subsets of N, P and D respectively. For each vehicle k, the network is defined as The mathematical model of VRPPD may be described as follows:
The significance of symbol in the mathematical model is as follows: x a path; y a path state; f k the fixed cost of vehicle k; p k the travel cost of vehicle k in per km; M the number of customers (the customer here represents the person who needs to send or receive orders); K the number of vehicles which are providing the service; d ij the distance between customer i and customer j; Q the maximum loads of vehicles; q i the delivery quantity for the customer i; p i the pickup quantity for the customer i; v the ratio between goods volume and the maximum load when the vehicle leaves the logistic center;
U ik the load of vehicle k after leaves the customer i; P ratio between pickup and delivery. Eq (1) represents the objective function including the fixed cost and traveling cost for the vehicle. 
is the total traveling cost. Eq (2) represents the leaving of vehicle k from i to j. Eq (3) indicates that vehicle k is serving the customer i. Eq (4) indicates that the customer i can be served only by vehicle k. Eq (5) indicates that any customer can be served only once at most. Eq (6) indicates the total load of vehicle k can not exceed its capacity of Q. Eq (7) indicates that the initial loading rate of vehicle k should be less than 1 to reserve some space for pickup. Eq (8) indicates that the total volume of the goods in vehicle k can't exceed the upper limit. Eq (9) indicates that the pickup service should be executed in the completion of a certain amount of delivery service, so as to minimize the cost of cargo handing.
Improved Bacteria Foraging Optimization Algorithm
The IBFOA based on crowding distance and a variable step size adaptive strategy is proposed here. The improved algorithm is as follows.
Step 1: Initialization. Set the position of P o , the population size of S P , the chemotatic times of N c , the reproductive times of N r and the eliminate times of N d .
Step 2: Chemotaxis. Generate the unit vector, making the bacteria individual tumble and swim, the position of the i th individual is updated according to the following equation [9] : is the crowding distance factor. The adjustable step formula is as follow:
In Eq (12), m f is the step size adjustment factor, crowd is the crowding distance, crowd = (n c /S P ), n c is the number of the partners in the sensing range, B l is the length of the search interval. If crowd is small, the bacteria individual will optimize in larger step size; otherwise, it will be in smaller step size. The above operation makes the algorithm have strong global search ability in the early stage and have strong local search ability in the late stage.
Step 3: Reproduction. The "propagation threshold" and "death threshold" are introduced into the reproduction. Propagation threshold: If the bacteria individual has to reproduce because the absorption of nutrients during the swimming process, then it reaches "propagation threshold". Death threshold: if the bacteria individual does not absorb enough nutrients to survive and be eliminated, then it reaches "death threshold". Reproduce the excellent individual which has reached "propagation threshold" and eliminate the ones which has reached "death threshold". If the reproduction time is equal to the predetermined number, go to step 4; otherwise, go to step 2.
Step 4: Dispersion. If the dispersion time of bacteria colony reaches the predetermined number, the algorithm will stop; otherwise, the bacterial colony will be dispersed to any direction and go to step 2 to rechemotaxis and reproduction.
Analysis and Verification
In order to verify the efficiency of the proposed method, the standard problems of literature [10] are solved by IBFOA. The comparison with BFO (Bacterial foraging optimization algorithm) [9] , QPSO (Quantum-behaved particle swarm optimization) [11] is shown in Table 1 . From Table 1 , it can be seen that IBFOA can not only obtain more non-dominated solutions but obtain the current optimal solution in instance, while it is the worst with BFO. For example, for case 10 × 7, although both QPSO and IBFOA have obtained three non-dominated solutions, the solution (53, 102, 52) obtained by QPSO is dominated by both (53, 101, 52) and (52, 102, 51) obtained by IBFOA, the solution (53, 101, 53) obtained by QPSO is dominated by (52, 102, 51) obtained by IBFOA, the solution (53, 101, 53) obtained by QPSO is dominated by both (53,101,52) and (52,101,53) obtained by IBFOA. The above can indicate that IBFOA is more effective than the existing algorithms. D j is the deliver loading and P j is the request loading at the point j.
In Table 1 , S n (n=1, 2, 3, 4) is the different solution; T t is the total time of certain orders; C t is the total cost; L a is the average loading rate of single vehicle. 
Conclusion
A multi-objective VRPPD mathematical model according to different constraints is established in this paper firstly. Considering the characteristics of the dynamic variable step factor, the improved bacteria foraging optimization algorithm is proposed to solve VRPPD. Finally, the simulation results of CTMnX demonstrate that the proposed method can improve the efficiency of iterative searching and obtain more non-dominated solutions than the existing algorithms. All the above can verify the effectiveness of the proposed method. The future study direction should lie in considering the cloud algorithm.
